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(57) ABSTRACT

A lower spring sheet has receiving portions on a sheet
surface that supports a coil spring. Thus the sheet surface
and a spring end portion of the coil spring come 1nto contact
discretely. The contact positions between the coil spring and
the sheet surface maintain unchanged, however a undulated
portion the spring end portion may have due to the manu-
facturing tolerance 1s extended when the coil spring is
compressed.
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1
SPRING SHEET

CROSS-REFERENCE TO RELATED
APPLICATTONS

This 1s a Continuation Application of PCT Application :

No. PCT/JP02/05111, filed May 27, 2002, which was not
published under PCT Article 21(2) in English.

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.

2001-160905, filed May 29, 2001; and No. 2002-150740,
filed May 24, 2002, the entire contents of both of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a spring sheet that sup-
ports a coil spring.

2. Description of the Related Art

In many cases, a strut type suspension apparatus 1s used
as the suspension apparatus for such a vehicle as a motor car.

An example of the suspension apparatus 1 1s shown 1n FIG.
15.

The suspension apparatus 1 comprises a damper 2 and a
coll spring 7. The damper 2, which serves as a strut, extends
through the region defined by the coil spring 7. The lower
end of the coil spring 7 1s supported on a lower spring sheet
4, while the upper end thereof 1s held down by an upper
spring sheet 5. The lower spring sheet 4 1s shaped like a
funnel and 1s attached to the outer circumierential surface of
the outer casing of the damper 2. The upper spring sheet 5
is shaped as a disk and is fixed to the upper end (i.e., the
piston end) of the damper 2 together with an upper mount 6
assembled to a car body. A wheel 1s attached to the lower
portion of the damper 2 by means of a hub carrier.

When the damper 2 contracts, the coil spring 7 1s applied
with a compressive load by the lower spring sheet 4 and the
upper spring sheet 5. Sheet surfaces 4a and 5a of the lower
spring sheet 4 and the upper spring sheet §, which the coil
spring 7 come 1nto contact with, are formed 1n such a manner
as to continuously extend in accordance with the shapes of
spring end portions 7a and 7b of the coil spring 7. For
example, where the spring end portions have no winding
pitch amount (i.e., the case where the pitch amount is 0
mm/winding), the sheet surfaces are formed to be flat, as
indicated by the thick line “f” 1n FIG. 16. Where the spring
end portions have a winding pitch amount, the sheet surfaces
are formed to extend spirally at an angle corresponding to

the pitch amount of the spring end portions, as indicated by
the thick line “s” in FIG. 17.

For easy assembly of the suspension apparatus 1 into the
body of an automobile or the like, the spring sheets 4 and 5
usually support the coil spring 7 so that the central axis a of
the coil spring 7 may be inclined with reference to an axis
of actual load application, such as an actual application axis
3 of an external force extending between a king pin and the
upper end of the damper. In this condition, the damper 2 and
the coil spring 7 jointly dampen a shock applied from the
front wheels.

However, the pitch amount of the coil spring changes so
that the compressed amount varies 1n accordance with a
change in the compressive load. On the other hand, the sheet
surfaces 4a and 5a are not deformed in accordance with a
change 1n the pitch amount of the coil spring 7. As a resullt,
the contact areas and contact positions between the spring
end portions 7a, 7b and the sheet surfaces 4a, Sa may vary
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in accordance with changes 1n the compressive load, which
serves to compress the coil spring 7.

In addition, the coil spring 7 mevitably undergoes varia-
tions arising from the manufacturing tolerance. In FIGS. 16
and 17, such variations are represented by undulated por-
tions 7¢ which indicate a phenomenon wherein the coil wire
1s shifted from 1its right position in the direction of the central
ax1s a of the coil spring 7 at the spring end portion 7a, and
a pitch tolerance between the spring end portion 7a and the
sheet surface 4a.

Where the undulated portions 7c¢ exist, they extend along
the sheet surfaces 4a and Sa when the coil spring 7 1is
compressed. When the displaced portions 7c¢ extend, the
contact range (contact area) between the spring end portion
7a and the sheet surface 4a varies. Where the pitch tolerance
exists, the contact position between the spring end portion
7a and the sheet surface 4a varies 1n the process of com-
pressing the coil spring.

When the contact range and positions between the spring
end portion 7a and the sheet surface 4a vary, the distribution
of the contact reaction applied from the spring sheet 4 to the
coll spring 7 1s changed. When the distribution of the contact
reaction changes, the load axis along which the resultant of
loads 1s exerted on the coil spring 7 changes in direction,
accordingly. The coil spring 7 of the suspension apparatus 1
shown, for example, 1n FIG. 15 1s assembled in such a
manner that the central axis o 1s shifted from the actual
application axis 3 1n which a load 1s applied actually. Owing,
to this structure, a change in the direction of the load axis
along which the load 1s exerted on the coil spring 7 affects
the balance between the force component applied 1n the
sliding direction of the damper 2 and the force component
applied in the direction traversing the sliding direction.
Since the force acting 1n the direction traversing the sliding
direction serves as a bending moment with reference to the
sliding direction of the damper 2, the sliding resistance of
the damper 2 varies. As a result, the dynamic characteristics
of the suspension apparatus 1 vary, failing to provide
intended performance.

BRIEF SUMMARY OF THE INVENTION

A spring sheet according to the present invention 1s
intended to control the direction of the load axis of the
contact reaction applied to the spring end portion of a coil
spring, independently of the compressed state of the coil
Spring.

To this end, the spring sheet according to the present
ivention 1s provided with a plurality of receiving portions
on 1ts sheet surface, and the receiving portions come into

contact with the spring end portion of a coil spring 1n a
discrete fashion.

At specific positions, the spring end portion 1s locally
received by the receiving portions. With this structure, even
if the displaced portion extends when the coil spring
compresses, 1t does not undesirably touch the sheet surface.
In addition, the coil spring does not contact the sheet surface
at undesired portions even 1if the coil spring has character-
istics deviating from design values.

The receiving portions of the spring sheet are located at
positions which sandwich the central axis of the coil spring
from both sides even when the coil spring 1s shifted from the
central axis of the spring, and at axial positions which permat
the load axis of the contact reaction distribution to align with
the actual application axis of an external force when the coil
spring comes 1nto contact with a projection.

With this structure, even 1f the coil spring 1s assembled 1n
such a manner as to be shifted from the actual application
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axis of an external force, the spring sheet allows the coil
spring to generate a reaction force in the direction of the
actual application axis, and prevent 1t from generating a
lateral force, which would adversely affect movement along
the actual application axis.

In the case of a spring sheet 1n which the receiving portion
on one side 1s made up of a plurality of sections, the load
axis of the coil spring 1s inclined to align with the actual
application axis of an external force exerted on the coil
Spring.

In the case of a spring sheet can be separated 1nto a spring,
receiving member on which a sheet surface 1s formed, and
a bracket which supports the spring receiving member, the
specifications of the spring sheet can be changed by replac-
ing the spring receiving portion with another. That 1s, the
spring sheet 1s applicable to suspensions of different speci-
fications by selectively employing different spring receiving
members.

In the case of a spring sheet that supports the spring end
portion of a coil spring by means of a plurality of receiving,
portions arranged 1n the winding direction of the coil spring,
the coil spring 1s supported on the plurality of receiving
portions without being adversely affected by the manufac-
turing tolerances of the coil spring and the spring sheet.
Therefore, the load axis of the coil spring can be ecasily
orientated 1n a desired direction.

The receiving portions of the coil spring are arranged in
such a manner that the load axis, which indicates the
direction 1n which the resultant of forces acting between the
receiving portions and the coil spring i1s applied, 1s made to
align with the actual application axis along which a load 1s
exerted on the coil spring.

The receiving portions are arranged along an 1maginary
plane passing the actual application axis and the central axis
of the coil spring and located at positions sandwiching the
central axis from both sides. The center of the force the coil
spring receives from at least one of the receiving portions on
cach side 1s located along the imaginary plane.

Of the receiving portions, at least one receiving portion
close to the actual application axis 1s shifted along the
central axis 1n a direction 1in which the coil spring is
compressed, as compared to at least one receiving portion
located away from the actual application axis.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a front view of a lower spring sheet according,
to the first embodiment of the present invention, the lower
spring sheet being depicted together with a coil spring and
an upper spring sheet.

FIG. 2 1s an upper surface view of the lower spring sheet
depicted 1n FIG. 1.

FIG. 3 1s a perspective view 1llustrating how the positional
relations among a spring center axis, an actual application

ax1s and a load axis are 1n the lower spring sheet depicted 1n
FIG. 1.

FIG. 4 1s a schematic diagram 1llustrating the positional
relations between a receiving portion of the lower spring
sheet and the spring end portion of the spring coil in FIG. 1

and further illustrating the inclination direction of the load
axis.

FIG. 5 1llustrates how the sheet surface of the lower spring,
sheet and the spring end portion of the coil spring come 1nto
contact 1n FIG. 1, 1n relation to the number of turns and the
pitch amount of the coil spring.
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FIG. 6 1llustrates how the sheet surface of the spring sheet
and the spring end portion of the coil spring come 1nto
contact, if the spring end portion does not have a pitch
amount at the lower spring sheet side 1in FIG. 1, the contact
state being 1llustrated in relation to the number of turns and
the pitch amount of the coil spring.

FIG. 7 1s an upper surface view of a lower spring sheet
according to the second embodiment of the present mnven-
tion.

FIG. 8 1s a front view showing how the lower spring sheet
looks like when viewed 1n the direction of F8 indicated in

FIG. 7.

FIG. 9 1s an upper surface view of a lower spring sheet
according to the third embodiment of the present invention.

FIG. 10 1s a front view showing how the lower spring
sheet looks like when viewed m the direction of F10

indicated in FIG. 9.

FIG. 11 1s an upper surface view of a lower spring sheet
according to the fourth embodiment of the present invention.

FIG. 12 1s a front view showing how the lower spring

sheet looks like when viewed 1n the direction of F12
indicated 1in FIG. 11.

FIG. 13 1llustrates how the sheet surface of the spring
sheet and the spring end portion of the coil spring come 1nto
contact in FIG. 11, 1n relation to the number of turns and the
pitch amount of the coil spring.

FIG. 14 15 an exploded view showing a lower spring sheet
according to the fifth embodiment of the present invention,
the lower spring sheet being showing as being made up of
a spring receiving member and a bracket.

FIG. 15 1s a perspective view of a suspension apparatus
provided with a conventional spring sheet.

FIG. 16 shows how a spring sheet and a coil spring come
into contact in the prior art 1n relation to the number of turns
and the pitch amount of the coil spring.

FIG. 17 shows how a spring sheet and a coil spring come
into contact 1n the prior art 1n relation to the number of turns
and the pitch amount of the coil spring.

DETAILED DESCRIPTION OF THE
INVENTION

A spring sheet of the first embodiment according to the
present mnvention will now be described with reference to
FIGS. 1 to 6, referring to the case where the present
invention 1s applied to a strut type suspension apparatus 1,
such as that shown 1n FIG. 15.

FIG. 1 shows a lower spring sheet 11, an upper spring
sheet 12 and a coil spring 13, which are structural elements
of the suspension apparatus. The lower spring sheet 11 1s
provided with a sheet surface 14 on which the spring end
portion 13a of the coil spring 13 i1s supported. The sheet
surface 14 1s formed to be spiral in accordance with the
winding pitch amount of the spring end portion 13a. The
sheet surface 14 has a plurality of receiving portions
arranged 1n the winding direction of the coil spring 13. In the
present embodiment, two receiving portions 15a, 15b pro-
jected toward the coil spring 13 are provided. With this
structure, the sheet surface 14 comes 1nto discrete contact
with the spring end portion 134 of the coil spring 13.

A wall 16 1s formed along the outer circumierence of the
sheet surface 14 to prevent the coil spring 13 from moving
in the radial direction. The movement of the coil spring 13
in the rotating direction (to be is precise, in the spiral
direction) is stopped when the wire end 13x of the coil spring
13 hits against a stopper 17.
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The spring end portion 13b of the coil spring 13, which 1s
opposite to the spring end portion that comes into contact
with the lower spring sheet 11, 1s 1n contact with the upper
spring sheet 12. The central axis a of the coil spring 13 1s
inclined with reference to the actual application axis p along
which an external force 1s exerted on the coil spring 13.

When the lower spring sheet 11 and the upper spring sheet
12 move in the direction in which the coil spring 13 1s
compressed, the receiving portions 15a and 15b generate
reactions when they contact the spring end portion 13a. The
receiving portions 154 and 15b are arranged so that the load
axis v, along which the resultant force of the reactions acts,
can align with the actual application axis p. To be more
specific, the recerving portions 154 and 15b are arranged 1n
arcas which are located on both sides of the central axis a of
the coil spring 13 along a direction of an 1maginary plane A
passing both the central axis o and the actual application
ax1s [3. In this case, the coil spring 13 1s set so that the wire
end 13x 1s not supported on the receiving portion 15a or 155.
In FIG. 2, the receiving portion 154 1s shown as being
located 1n a range including position 13y that 1s away from
the wire end 13x by 0.25 turns, and the receiving portion 155
1s shown as being located 1n a range including position 13z
that 1s away from the wire end 13x by 0.75 turns. As shown
in FIG. 4, the receiving portions 15a and 15b are shifted
from the spiral S that extends along the spring end portion
13a 1n the case of “N” where the load axis v of the coil spring
13 aligns with the central axis a, along the direction of the
central axis a. To be more specific, the receiving portion 155
that 1s closer to the actual application axis p than to the
central axis o 1s shifted along the central axis o 1n the
compressed direction of the coil spring 13. That 1s, as
indicated by “h” 1 FIG. §, the receiving portion 155 1is
raised from the spiral S along the central axis c.

With the structure described above, the center of force
corresponding to the load axis v changes from “N” to “vy”.
The rotating direction of the lower spring sheet 11 1s used so
that the load axis v can align with the actual application axis
3.

Receiving portion 154 may be lowered instead of raising,
receiving portion 15b. Alternatively, receiving portion 154
may be lowered, with receiving portion 15b raised.
Furthermore, only receiving portion 154 may be raised, only
receiving portion 155 may be lowered, and receiving portion
15a may be raised, with receiving portion 155 lowered. In
cach case, the load axis v 1s made to align with the actual
application axis 3. As can be understood from this, the
spring end portion 13a of the coil spring 13 1s supported by
inclining the sheet surface 14 of the lower spring sheet 11 1n
such a manner that the load axis y aligns with the actual
application axis 3.

The sheet surface 14 of the lower spring sheet 11 1s
provided with the receiving portions 154 and 15b, and the
coll spring 1s supported on them discretely. Even 1f the
spring end portion 134 undulates by reason of the manufac-
turing tolerance, the contact positions between the spring
end portion 134 and the receiving portions 154, 15b are not
shifted in the spiral direction of the spring end portion 13a
when the load applied to the coil spring 13 1s changed.

The receiving portions 154 and 15b are arranged on both
sides of the central axis a of the coil spring 13 1 the
imaginary plane A passing both the central axis a and the
actual application axis p. In addition, the receiving portion
that is closer to the actual application axis [} (receiving
portion 15b in the present embodiment) is shifted along the
central axis o in the compressed direction of the coil spring
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13. The shifted position of the receiving portion 155, namely
the height thereot, 1s adjusted 1n accordance with the speci-
fications required, and by so doing, the load axis vy of the coil
spring 13 1s made to align with the actual application axis {3.
Even 1n the case where the central axis a of the coil spring
13 1s inclined with reference to the actual application axis 3,
the load axis vy can be made to align with the actual
application axis . Therefore, the coil spring 13 can be put
to use 1n the state that stable characteristics are maintained.
Furthermore, since the coil spring 13 acts in the direction
along the actual application axis [ 1n response to an external
force, the sliding portions of the damper 2 inserted through
the coil spring 13 are prevented from being loaded when the
lower spring sheet 11 1s applied to the suspension apparatus
1, such as that shown 1n FIG. 15. Since the desirable
characteristics of the damper 2 can be maintained, the
suspension apparatus 1s stable in performance. In addition,
since the generation of a lateral force, which would
adversely affect the movement of the damper 2, can be
suppressed, 1t 1s possible to solve the problems of the
deflection which may be brought about by the steering
moment arising from such a lateral force.

In the present embodiment, the receiving portions 154 and
15b are provided on the sheet surface 14 of the lower spring
sheet 11. In place of this structure, similar receiving portions
may be provided on the sheet surface of the upper spring
sheet 12 to align the load axis v of the coil spring 13 with the
actual application axis 3. In addition, receiving portions may
be provided for both the lower spring sheet 11 and the upper
spring sheet 12 to align the axis v of the coil spring 13 with
the actual application axis f.

FIG. 6 shows how the sheet surface 14/ and the spring end
portion 13/ come 1nto contact 1n the lower spring sheet
wherein the spring end portion 13/ has no pitch amount. As
in the case where a certain pitch amount 1s provided, the
receiving portion 155 that 1s closer to the actual application
axis [ 1s shifted from the spring end portion 13f m the
compressed direction of the coil spring 13. With this
structure, the load axis v of the coil spring 13 can be aligned
with the actual application axis 3.

The second embodiment according to the present mnven-
tion will be described, referring to the lower spring sheet 21
shown 1n FIGS. 7 and 8. Structural elements which are
similar to those of the lower spring sheet 11 of the first
embodiment will be denoted by the same reference symbols
as used above, and a detailed description of such structural
clements will be omatted.

The lower spring sheet 21 shown 1n FIG. 7 differs from
the lower spring sheet 11 of the first embodiment in that the
sheet surface 14 1s cut away except for the receiving portions
15a and 15b and the stopper 17 against which the wire end
13x of the coil spring 13 hits. With this structure, the lower
spring sheet 21 supports the coil spring 13 in a discrete
manner. As shown 1n FIG. 8, the receiving portions 154 and
15b are arranged 1n areas which are located on both sides of
the central axis a of the coil spring 13 in the imaginary plane
A passing both the central axis ¢ and the actual application
axis [3, and the relative position difference between the
receiving portions 154 and 15b, as viewed 1n the direction
along the central axis o, 1s greater than the pitch amount of
the spring end portion 13a of the coil spring 13.

Accordingly, the load axis v of the coil spring 13 can be
aligned with the actual application axis 3 without reference
to the manufacturing tolerances of the spring end portion
13a of the coil spring 13 and the lower spring sheet 21a.
Furthermore, the sheet surface 14 1s partially cut away.
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Theretfore, where the lower spring sheet 21 1s fabricated by
press forming, 1t can be easily worked with high precision
since a residual stress 1s hardly present after working. To
improve the strength of the receiving portions 154 and 155
which supports the coil spring 13, a remnforcing member,
such as a rib, may be provided on those sides of the receiving
portions 15a and 15b which oppose the spring coil 13. The
rib, or another type of reinforcing member, may be integrally
formed on one piece with the lower spring sheet 21 by press
forming. Alternatively, 1t may be attached to the lower spring
sheet 21 independently after the press forming the formation

of the lower spring sheet 21.

The third embodiment according to the present invention
will now be described, referring to the lower spring sheet 31
shown 1 FIGS. 9 and 10. Structural elements which are
similar to those of the lower spring sheets 11 and 21 of the
first and second embodiments will be denoted by the same
reference symbols as used above, and a detailed description
of such structural elements will be omitted.

FIG. 9 1s an upper surface view of the lower spring sheet
31. FIG. 10 1s a side view showing how the lower spring
sheet 31 looks like when viewed in the direction of F10
indicated 1 FIG. 9. The lower spring sheet 31 1s provided
with receiving portions 35a,, 35a, and 35b on the sheet
surface 14 thereof. The receiving portions 354a,, 35a, and
35b are arranged 1n area which are located on both sides of
the central axis a of the coil spring 13 in the 1maginary plane
A passing both the central axis ¢ and the actual application
axis [3. The receiving portions 354, and 354, on one side
correspond to the receiving portion 154 of the lower spring
sheet 11 of the first embodiment. The receiving portion 355
on the other side corresponds to the receiving portion 155 of
the lower spring sheet 11 of the first embodiment. The
recelving portions 354, and 334, are arranged 1n such a
manner that the center of the forces applied to the coil spring
13 from receiving portions 35a,, 35a, aligns along the
imaginary plane A when the lower spring sheet 31 1s exerted
with an external force and the coil spring 13 1s compressed.
In addition, the receiving portion 35b is shifted from the
rece1ving portions 35a, and 354, along the central axis o 1n
the compressed direction of the coil spring 13. Depending
upon the position of the load axis v of the coil spring 13, the
positions of the receiving portions may be arbitrarily deter-
mined to align the load axis vy with the actual application axis
3. For example, in FIG. 9, receiving portion 35b may be
shifted counterclockwise or receiving portion 35a, may be
shifted clockwise.

The lower spring sheet 31 provided with the receiving
portions 35a,, 35a, and 35b arranged as above causes the
load axis v of the coil spring 13 to align with the actual
application axis 3. Since the receiving portions 354, and
35a, on one side are arranged so the center of the forces
applied to the coil spring 13 aligns along the imaginary plane
A, the load axis v 1s prevented from leaving from the actual
application axis p 1n a direction out of the imaginary plane
A. In other words, the lower spring sheet 31 can easily
maintain the state where the load axis v of the coil spring 13
1s 1n alignment with the actual application axis 3.

The fourth embodiment according to the present invention
will be described, referring to the lower spring sheet 41
shown 1n FIGS. 11 to 13. Structural elements which are
similar to those of the lower spring sheets 11, 21 and 31 of
the first, second and third embodiments will be denoted by
the same reference symbols as used above, and a detailed
description of such structural elements will be omitted. FIG.
11 1s an upper surface view of the lower spring sheet 41.
FIG. 12 15 a front view showing how the lower spring sheet
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41 looks like when viewed 1n the direction of F12 indicated
in FIG. 11. FIG. 13 illustrates how the sheet surtace 14 of the
lower spring sheet 41 and the spring end portion 13a of the
coll spring 13 come 1nto contact.

The lower spring sheet 41 1s provided with receiving
portions 45a, 45b, and 45b,. As 1n the lower spring sheet 21
of the second embodiment, the sheet surface 14 1s cut away
except for the receiving portions 45a, 45b, and 45b, and the
stopper 17. The receiving portion 45a and the receiving
portions 45b, and 45b, are arranged 1n areas which are
located on both sides of the central axis a of the coil spring
13 along the direction of the imaginary plane A passing both
the central axis o and the actual application axis 3. The
rece1ving portion 45a on one side corresponds to the receiv-
ing portion 154 of the lower spring sheet 21 of the second
embodiment. The receiving portions 45b, and 45b, on the
other side correspond to the receiving portion 15b of the
lower spring sheet 21 of the second embodiment. The
receiving portions 45b, and 45b, are away from the 1imagi-
nary plane A by the same distance “s” so that the center of
the forces applied from the receiving portions 45b,, 45b, to
the coil spring 13 aligns along the imaginary plane A when
the lower spring sheet 41 1s exerted with an external force
and the coil spring 13 1s compressed. The receiving portions
45b, and 45b, are shifted from the receiving portion 435a
along the central axis o 1n the compressed direction of the
coll spring 13, as indicated by “h” in FIG. 13. Depending
upon the position of the load axis v of the coil spring 13, the
positions of the receiving portions may be arbitrarily deter-
mined to align the load axis y with the actual application axis
3. For example, in FIG. 11, receiving portion 454 may be
shifted clockwise, or receiving portion 45b, may be shifted

counterclockwise.

In the manner described above, when the lower spring
sheet 41 having the receiving portions 45a, 455, and 450,
makes the load axis vy of the coil spring 41 align with the
actual application axis 3, as shown 1 FIG. 12. In addition,
the load axis v 1s prevented from leaving from the actual
application axis 3 1 a direction out of the 1imaginary plane
A. In other words, the lower spring sheet 41 can easily
maintain the state where the load axis v of the coil spring 13
1s 1n alignment with the actual application axis 3.

The fifth embodiment according to the present invention
will be described, referring to the lower spring sheet 51
shown 1n FIG. 14. Structural elements which are similar to
those of the lower spring sheets 11, 21, 31 and 41 of the first,
second, third and fourth embodiments will be denoted by the
same reference symbols as used above, and a detailed
description of such structural elements will be omitted.

The lower spring sheet 51 shown 1n FIG. 14 1s provided
with a spring receiving member 53 on which a sheet surface
52 1s formed, and a bracket 54 that supports the spring
receiving member 53. In other words, the lower spring sheet

11 1s separated and 1s made up of the spring receiving
member 53 and the bracket 54.

The spring receiving member 33 1s formed to be spiral and
extends along the coupling portion 55 of the bracket 54. In
the case where the coupling portion 35 1s perpendicular to
the central axis a, the spring receiving member 533 and the
bracket 54 are fixed to each other so that they do not rotate
around the central axis a. For example, the spring receiving,
member 53 and the bracket 54 are coupled together by
means of engagement portions, a combination of a key with
a key groove, a lock pin, and a combination of a convex
portion provided for one of the two and a concave portion
provided for the other. The spring receiving member 53 1s
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formed of an elastic member, preferably rubber. The rubber
may be replaced with a reinforced plastic material,
elastomer, or the like.

The sheet surface 52 1s provided with receiving portions
56a and 56b, which come 1nto contact with the spring end
portion 13a of the coil spring 13 1n a discrete way. To be
more speciiic, the receiving portions 56a and 56b are
arranged 1n areas which are located on both sides of the
central axis o of the coil spring 13 along the direction of the
imaginary plane A passing both the central axis a and the
actual application axis p. In addition, the receiving portion
56b that 1s closer to the actual application axis p than to the
central axis ¢ 1s shifted from the other receiving portion 56a
along the central axis o 1n the compressed direction of the
coll spring 13. The receiving portions may be arranged in the
same way as 1n the lower spring sheets 31 and 41 of the third
and fourth embodiments.

As described above, the lower spring sheet 51 1s separated
and made up of the spring receiving member 53 and the
bracket 54. With this structure, the shape of each member
can be as simple as possible. Moreover, each member has a
small number of portions requiring high precision. As a
result, both the spring receiving member 533 and the bracket
54 can be manufactured at low cost. It should be noted that
the manufacturing tolerance of the coil spring 13 and that of
the spring receiving member 53 can cancel each other by
properly varying the combination of them. Moreover, the
lower spring sheet 51 can be applied to suspension appara-
tuses of different specifications by preparing spring receiv-
ing members 33 of different specifications and selectively

using them for the bracket 54 of one type.

The first to fifth embodiments were described, referring to
the lower spring sheet as an example of a spring sheet.
Needless to say, the present mvention i1s applicable to an
upper spring sheet as well. The number of receiving
portions, the rotational position determined with the central
axis as a center and the direction 1n which the center axis
extends, are not limited to those described 1n relation to the
above embodiments or those 1illustrated 1n the drawings.
They can be arbitrarily determined to align the load axis of
the coil spring with the actual application axis.

The first to fifth embodiments were described, referring to
the case where the actual application axis intersects with the
central axis of the coil spring. Even in the case where the
actual application axis does not intersect with the central
axis, such as three-dimensional out-of-contact crossing
condition, the number and arrangement of the receiving
portions can be determined to align the load axis of the coil
spring with the actual application axis. That 1s, when the coil
spring 1s exerted with a load, the load axis does not deviate
from the position intended at the time of design without
reference to the manufacturing tolerance, and can be made
to align with the actual application axis. In other words, the
direction of the load axis of the coil spring can be controlled
by intentionally arranging a plurality of receiving portions
for the spring sheet.

The present 1nvention 1s not limited to the foregoing
embodiments, and the embodiments can be modified in
various ways without departing from the spirit and scope of
the present invention. For example, although one of the two
receiving portions 1s divided in the embodiments described
above, both receiving portions may be divided. The forego-
ing embodiments were described, referring to the case where
the spring sheet 1s applied to strut type suspension apparatus
that 1s assembled 1n a vehicle. The spring sheet 1s not limited
to this and i1s applicable to another type of suspension
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apparatus. Further, the spring sheet 1s also applicable to
another type of apparatus, another device or another
clement, such as the valve spring used 1 a supply and
exhaust valve. In short, the spring sheet 1s able to use with
a coil spring whose actual application axis (along which a
load acts in actuality) is inclined with reference to the central
axis of the coil spring.

The spring sheet according to the present invention 1s
designed so that its sheet surface can come 1nto contract with
specific portions of the spring end portion. Even if the
undulated portions arising from the manufacturing tolerance
of the spring end portion extends when the coil spring is
compressed, the load axis can be controlled so that the
contact positions between the sheet surface and the spring
end portion and the distribution of contact reactions can
remain unchanged. In addition, the contact positions
between the sheet surface and the spring end portion remain
at their desired positions without reference to the pitch
tolerance of the coil spring and the tolerance of the sheet
surface.

The receiving portions are arranged in arcas which are
located on both sides of the central axis of the coil spring
along the direction of the imaginary plane passing both the
central axis and the actual application axis. On each side, the
rece1ving portion is arranged 1n such a manner that the center
of the forces applied from the receiving portion to the coil
spring 1s 1n the 1maginary plane. With this structure, not only
the advantage described above 1s attained but also the load
ax1s of a force applied to the coil spring can remain in the
imaginary plane.

The recerving portion that 1s closer to the actual applica-
tion axis 1s arranged to be shifted from the other receiving
portion that 1s farther from the actual application axis, along
the central axis 1n the compressed direction of the coil
spring. With this structure, the load axis 1s made to align
with the actual application axis which 1s applied an external
force actually. Even 1n the case where the central axis of the
coll spring 1s assembled to be shifted from the actual
application axis, the load axis aligns with the actual appli-
cation axis. Hence, a lateral force, which would adversely
affect movement along the actual application axis, 1s not
generated.

The spring sheet can be separated 1s divided and made up
of a spring receiving member formed on the sheet surface
and a bracket that supports the spring receiving member.
With this structure, the load axis can be easily aligned with
the actual application axis by selectively employing one of
spring receiving members wherein receiving portions are
formed on the sheet surface 1in different rotational
arrangements, or at different positions 1n the direction of the
central axis.

The spring sheet according to the present invention 1s
adapted for a coil spring that 1s used in a state where an
actual application axis along which a load 1s exerted on the
coll spring 1s differed from the central axis of the coil spring.

What 1s claimed 1s:

1. A spring sheet for supporting a coil spring, comprising
a sheet surface which receives a spring end portion of said
coll spring, said sheet surface being provided with a plurality
of recerving portions, and said plurality of recieving portion
discretely contacting with the spring end portion of the coil
spring 1n a direction along a wire of the coil spring, the sheet
surface recieving the spring end portion of the coil spring in
such a condition that the central of the coil spring being
shifted from an actual application axis along which a load
being applied, the plurality of recieving portions being
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arranged at position sandwiching the central axis from both
sides with respect to a direction 1 which the coil spring is
shifted, and said position of the plurality of receiving portion
aligning 1n the direction along the central axis being
arranged at other position where a load axis, which 1s
obtained by a distribution of a contact reaction when the coil
spring comes 1nto contact with the receiving portions 1s
aligning with the actual application axis.

2. The spring sheet according to claim 1, wheremn said
plurality of receiving portions 1s arranged at least on one side
of the sheet surface.

3. The spring sheet according to claim 1, which includes
a spring receiving member on which the sheet surface 1s
formed, and a bracket which supports the spring receiving
member.

4. A spring sheet for supporting a coil spring, comprising,
a plurality of receiving portions arranged 1n a winding
direction of said coil spring, the receiving portions support-
ing a spring end portion of the coil spring, the receiving
portion being arranged such that a load axis along which a
spring, aligns with an actual application axis which indicates
a direction 1 which a load 1s exerted on the coil spring.

5. A spring sheet according to claim 4, the receiving
portions being located on both sides of a central axis of the
coil spring along an 1maginary plane passing the actual
application axis and the central axis, and a center of forces
which at least one receiving portion on each side across the
central axis applies to the coil spring being 1n the 1maginary
plane.

6. The spring sheet according to claim 5, wherein at least
one receiving portion located close to the actual application
ax1s being shifted from at least one receiving portion located
far away from the actual application axis, along the central
ax1s 1n a compressed direction of the coil spring.

7. A spring sheet for supporting a coil spring, comprising:

a sheet surface receiving a spring end portion of said coil

spring, and
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a plurality of receiving portions discretely contacting with
the spring end portion of the coil spring 1n a direction
along said wire of the coil spring,

wherein the sheet surface receiving the spring end portion
of the coil spring in such a condition that a central axis
of the coil spring being shifted from an actual appli-
cation axis along which a load being applied, the
plurality of receiving portions being arranged at posi-
tions sandwiching the central axis from both sides with
respect to a direction 1n which the coil spring 1s shifted,
and said positions of the plurality of receiving portions
being arranged such that a load axis along which a
resultant of forces the receiving portions apply to the
coll spring, aligns with an actual application axis which
indicates a direction 1n which a load 1s exerted on the
coll spring.

8. The spring sheet according to claim 7 wherein said
plurality of receiving portions being arranged at least on one
side of the sheet surface.

9. The spring sheet according to claim 7, which includes
a spring receiving member on which the sheets surface 1s
formed, and a bracket which supports the spring receiving
member.

10. The spring sheet according to claim 7, wherein the
receiving portions being located on both sides of a central
axis of the coil spring along an 1maginary plane passing the
actual application axis and the central axis.

11. The spring sheet according to claim 7, wherein a
center of forces which at least one receiving portion on each
side across the central axis applies to the coil spring being
in the 1maginary plane.

12. The spring sheet according to claim 7, wherein at least
one receiving portion located close to the actual application
ax1s being shifted from at least one receiving portion located
far away from the actual application axis, along the central
ax1s 1n a compressed direction of the coil spring.
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